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(54) BIODEGRADABLE FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject film sufficient in mechanical strength 
characteristics and weather resistance for packing and agriculture, excellent in 
biodegradability, comprising a resin composition prepared by mixing a polycaprolactone with 
an aliphatic polyester resin. 

SOLUTION: This film is obtained by blending (A) 100 pts.wt, of an aliphatic polyester resin (a 
polyester resin of succinic acid and 1,4-butanediol) with (B) 1-200 pts.wt., preferably 4-55 
pts.wt. of a polycaprolactone and forming the blend into a film by melt extrusion or a solution 
method. Biodegradability of the component A is induced by the component B and the film can 
be provided with sufficient mechanical strength characteristics and weather resistance. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
deimages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The biodegradability film which consists of a polyester resin constituent which blended the 
poly-caprolactone 1 or 200 weight section to the aliphatic polyester resin 100 weight section. 
[Claim 2] The biodegradability film which contains the polyester resin constituent which blended the 
poly-caprolactone 1 or 200 weight section to the aliphatic polyester resin 100 weight section 40°^o of the 
weight or more. 



[Translation done.] 
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1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. , 

2 **** shows the word which can not be transiaiea. 

3.1n the drawings, any words are not translated. 
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DETAILED DESCRIPTION 
[Detailed Description of the Invention] 

mt'Lhnical field to which mvention belongs] this invention is a film which is excellent ,n the 
EJS-SltSlich cons,s.s of a tesin *e 
XSli'trrt ^':"h LThtSr v^f^us&ahility wrap,„,s. the filn, fot a«nc.l..e, 



etc. 



[rscription of the Pnor Art] Conventionally an — P*^^^^^^^^ fot 

effort and a great cost, or since recovery .s d.ff.cu , 3*;^/;^^;™^^^ in 
-■n^SiSt^Sn^^'^?-^^ 

resolvability, it will remain semipermanently m soiL biodegradabilities, such as 

[0004] The technique of cariying out the mixing *^.^°"^P°"^^^^^^ Jsin of difficulty 

\ starch, to a polyethylene resin etc. that a b'odegradab.l ty sl^ouW ^ > 

rr "^'r^Te^ fg tt 

grrg^Sy^L" resin etc. or a polyethylene resin which gave photolysis 

nature and a starch, etc. is examined. 

Fhf^^^fr.rn:i^?;t- 

technique of carrying o^t ^e mixing^ v decomposition of polymer 

cannot hold the configuration ot a tilm Dy me case. ^ ^ , , ■ . ^ bv which the mixing was 

fractions other than » ^'-h '"''^f.XTera .'^^^^^^^^^^ "°' '''' 

lifol'l The'es'n wi"h ^hich itself has a biodegradabili.y on the other hand instead of such a res.n that ,s 
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not a biodegradability in essence is developed as a biodegradability resin of the second generation, and 
the aliphatic polyester resin obtained by the chemosynthesis is in the thing applicable to this. 
[0007] However, when macromolecule-izing aliphatic polyester resin by the polycondensation, a 
reaction is performed under the condition that elevated-temperature quantity reduced pressure is severe 
in the second half of a manufacturing process. For this reason, it is difficult for the depolymerization of 
the polyester resin which is not good as for a thermal stability to arise originally, and to acquire the high 
molecular weight field. Therefore, reservation of the intensity which is sufficient for the mechanical- 
strength property of the obtained film becoming inadequate, and expecting large intended-use expansion 
becomes difficult. In such a case, diisocyanate is made to react to the both-ends hydroxyl group of the 
aliphatic polyester of low molecular weight comparatively, and there is the technique of carrying out 
macromolecule quantification through aurethane bond. Although a high mechanical -strength property 
can be secured by macromolecule quantification, the disassembly of the film obtained on the other hand 
may become slow. From such status, it essentially has a biodegradability, and has a mechanical-strength 
property and weatherability, and the demand of a film which has the outstanding biodegradability is 
increasing. 
[0008] 

[Means for Solving the Problem] this invention person finds out that the film which consists of a resin 
constituent which carried out specified quantity combination of the poly-caprolactone as a result of 
repeating a research zealously about the constituent which consists of aliphatic polyester resin turns into 
the film in which a high biodegradability is shown when it has the mechanical -strength property and 
weatherability which can be substituted for the intended use of the conventional film satisfactory at all 
and combination of a poly-caprolactone attracts the biodegradation of aliphatic polyester resin, and came 
to complete this invention. 

[0009] That is, this invention offers the biodegradability film which consists of a polyester resin 
constituent which blended the poly-caprolactone 1 or 200 weight section to the aliphatic polyester resin 
100 weight section. Moreover, the biodegradability film which contains the polyester resin constituent 
which blended the poly-caprolactone 1 or 200 weight section to the aliphatic polyester resin 100 weight 
section 40% of the weight or more is offered. Hereafter, this invention is explained in detail. 
[0010] 

[Embodiments of the Invention] The polyester resin constituent used by this invention consists of a resin 
constituent of aliphatic polyester resin and a poly-caprolactone. Although the polyester resin obtained 
from the polyester resin obtained from a succinic acid and 1 and 4-butanediol, the polyester resin 
obtained from a succinic acid and ethylene glycol, the polyester resin obtained from oxalic acid and 
neopentyl glycol, oxalic acid, and 1 and 4-butanediol as aliphatic polyester resin, the polyester resin 
obtained from oxalic acid and ethylene glycol can be illustrated, the melting point is high and the 
polyester resin obtained from a succinic acid and 1 and 4-butanediol is desirable. 
[001 1] the desirable number average molecular weight of aliphatic polyester resin — the domain of 
30,000 or 1,000,000 - it is the domain of 70,000 or 200,000 more preferably By a mechanical 
characteristic mnning short of average molecular weight or less by 30,000, or more by 1,000,000, a melt 
viscosity is too high at a film manufacturing process, and problems, like a knockout becomes difficult 
may be produced. 

[0012] The poly-caprolactone used by this invention can make active hydrogens, such as alcohol, an 
initiator, and what obtained epsilon-caprolactone by the ring opening polymerization of a conventional 
method can be used for it. Especially a limit does not have the number of organic functions of the 
aforementioned initiator, and the thing of two organic functions or three organic functions can use it 
preferably, the number average molecular weight of a poly-caprolactone ~ desirable - the domain of 
1,000 or 200,000 - it is the domain of 5,000 or 100,000 especially preferably In addition, although the 
poly-caprolactone of number average molecular weight higher than 200,000 can also be used 
satisfactory in this invention, generally such a thing acquired for the poly-caprolactone with high 
molecular weight very much is difficult, and is not realistic. Moreover, the copolymer of the poly- 
caprolactone to use which used comonomers, such as a valerolactone, and glycolide, a lactide, in 
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addition to the single polymer of epsilon-caprolactone is also usable. 

[0013] As for the polyester resin constituent used by this invention, it is desirable to mix the poly- 
caprolactone 1 or 200 weight section to the aliphatic polyester resin 100 weight section, and the poly- 
caprolactone 4 or 55 weight section is more preferably mixed to the aliphatic polyester resin 100 weight 
section The film which is excellent in a biodegradability and is excellent in a mechanical-strength 
property and weatherability can be obtained by mixing in this domain. 

[0014] On the biodegradability film of this invention, other biodegradability resinous principles and 
inorganic substances are also mixable if needed, it is desirable especially desirable that a polyester resin 
constituent is 40 % of the weight or more to the resin constituent (others -- the sum of a component and 
the above-mentioned polyester resin constituent ~ 100 % of the weight) obtained, and the blending ratio 
of coal of the above-mentioned polyester resin constituent and other components is 60 % of the weight 
or more As other biodegradability resinous principles which can be mixed and used by this invention, 
the resin of a polyvinyl alcohol system, the resin of the copolymer system of 3-hydroxy butyrate and a 
3-hydroxy burr rate, etc. can be illustrated. As other inorganic substances which can be mixed and used 
by this invention, a calcium carbonate, a magnesium carbonate, talc, a silica, etc. can be illustrated. In 
addition, polyester like a low-molecular-weight poly caprolactone can be added as a plasticizer in the 
above-mentioned domain, and pigments, such as a grinding agent and carbon black, an antioxidant, 
ultraviolet ray absorbents (for example, a ********** phenolic compound, a hindered amine 
compound, the Lynn system compound, etc ) (for example, a benzo phenolic compound, benzotriazol 
****, a ****** rate compound, etc.), and the compound that has a cross-linking machine by the case 
can also be included. 

[001 5] The polyester resin constituent used by this invention is obtained by kneading aliphatic polyester 
resin and a poly-caprolactone, and the kneading technique of conventional methods, such as a biaxial 
extruder, can use it satisfactory as the kneading technique. When blending other components, it can 
obtain by kneading similarly. 

[0016] The biodegradability film of this invention can carry out the melting knockout of the above- 
mentioned polyester resin constituent above the melting temperature of the resin constituent, or can 
manufacture it by the solution method. Extension film production can be carried out if needed by the 
tubular film process, the calender method, the uniaxial-stretching method, or the biaxial-stretching 
method. In addition, a film is extended and it considers as a split yarn, and weave this, it knits or what 
was carried out and obtained is contained in one mode of the film of this invention. 
[0017] Let thickness of the biodegradability film obtained by the above-mentioned producing [ a film ] 
method be the film of various thickness according to the purpose. As an object for packing, 5 or the 
thickness of 600 micrometers is desirable. When using it as packing films, such as food, a tableware, 
and a camp supply, 5 or a 200-micrometer comparatively thin film is desirable. Moreover, when using it 
as bags, such as an object for fertilizer, the L^S. bag, and a dust recovery bag, 100 or a 800-micrometer 
comparatively thick film is desirable. Furthermore, in order to use it as a film for agriculture, a with a 
various thickness (5 or 800 micrometers) film can be used according to intended use. The film properties 
in the case of using it as a film for packing are two or more [ 200kg //cm ] intensities and 20% or more 
of ductility preferably two or more / 100kg //cm ] intensities and 10% or more of ductility. 
[0018] The biodegradability film of this invention can be used for packing films, such as a packing 
material and food, the film for agriculture, etc. Furthermore, the biodegradability film of this invention 
can also be used with the gestalt of the laminated film with other films by the purpose of use. 
[0019] 

[Example] Hereafter, although an example explains this invention concretely, this invention is not 
limited to these. 

[0020] (Example 1) The poly-caprolactone (Daicel Chemical Industries, Ltd. make "PLACCEL H7'*) 40 
weight section was kneaded among the aliphatic polyester resin (number average molecular weight 
70,000) 100 weight section of a succinic acid and 1 and 4-butanediol, and the polyester resin constituent 
was obtained. At 200 degrees C, the melting knockout of this was carried out, it carried out the cast, and 
the non-extended sheet was obtained. At 80 degrees C, this was performed to lengthwise, twice as many 
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biaxial extension as this was performed in longitudinal direction twice and after that, and the 
biodegradability film with a thickness of 50 micrometers was obtained. The obtained biodegradability 
film was laid underground into soil and appearance observation after three month progress was 
performed Moreover, the frost shattering of the piece of a biodegradability film is carried out, and it is 
JIS. K6950 (1994) was evaluated The city sewage sludge was used for sludge Furthermore, the 
biodegradability film was immersed into the sterilized water and appearance observation after three 
month progress was performed. A result is shown in Table -1. 

[0021] (Example 2) The poly-caprolactone (Daicel Chemical Industries, Ltd. make "PLACCEL H7") 15 
weight section was kneaded among the aliphatic polyester resin (number average molecular weight 
70,000) 100 weight section of a succinic acid and 1 and 4-butanediol, and the polyester resin constituent 
was obtained. At 200 degrees C, the melting knockout of this was carried out, it carried out the cast, and 
the non-extended sheet was obtained. At 80 degrees C, this was performed to lengthwise, twice as many 
biaxial extension as this was performed in longitudinal direction twice and after that, and the 
biodegradability film with a thickness of 50 micrometers was obtained. The examination same about the 
obtained biodegradability film as an example 1 was performed. 

[0022] (Example 3) The poly-caprolactone (Daicel Chemical Industries, Ltd. make "PLACCEL H7") 
100 weight section was kneaded among the aliphatic polyester resin (number average molecular weight 
70,000) 100 weight section of a succinic acid and 1 and 4-butanediol, and the polyester resin constituent 
was obtained. At 200 degrees C, the melting knockout of this was carried out, it carried out the cast, and 
the non-extended sheet was obtained. At 80 degrees C, this was performed to lengthwise, twice as many 
biaxial extension as this was performed in longitudinal direction twice and after that, and the 
biodegradability film with a thickness of 50 micrometers was obtained. The examination same about the 
obtained biodegradability film as an example 1 was performed. 

[0023] (Example 1 of a comparison) At 200 degrees C, the melting knockout of the aliphatic polyester 
resin (number average molecular weight 70,000) of a succinic acid and 1 and 4-butanediol was carried 
out, it carried out the cast, and the non-extended sheet was obtained. At 90 degrees C, this was 
performed to lengthwise, twice as many biaxial extension as this was performed in longitudinal direction 
twice and after that, and the film with a thickness of 50 micrometers was obtained. The examination 
same about the obtained film as an example 1 was performed. 
[0024] 
[Table 1] 



1 




JIS K6 9 5 0 








2 8 am-&»mm 








8 596 








50% 




^ISWI 3 




9 0% 








5?^ 





[0025] The example showed that decomposition did not progress in the environment where a 
microorganism does not exist, but the film of this invention had high weatherability. On the other hand, 
the film of this invention is remarkably disassembled by the microorganism and it became clear that the 
resolvability of aliphatic polyester was attracted by combination of a poly-caprolactone. 
[0026] 

[Effect of the Invention] The weatherability and the mechanical strength which were excellent while it 
had the outstanding biodegradability also have the biodegradability film of this invention Since it has 
the perfect biodegradability, even if it uses for the intended use in which the recovery after use is 
impossible, it decomposes under a natural environment and problems, such as environmental pollution, 
are not caused. For this reason, it is widely applicable to various wrapping intended use or the intended 
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use of the film for agriculture. 



[Translation done ] 
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